The high consume of crustaceans in human food has generated a large quantities of residues, such as the crab shell of Ucides cordatus (caranguejo-uçá), in Brazil. These residues are disposed in the environment. The development of new materials using crab shells chitin for biotechnological applications in civil construction is of great interest to the scientific community. The residues addition in the cement can reduce electricity consumption, CO 2 emissions and other environmental damage from this human activity. Thus, the aims of this study were the use of U. Cordatus residues for hydroxyapatite and chitosan production and the incorporation of these compounds in Portland cement matrix, as a viable alternative to improve the properties of the paste and mortar when fresh or hardened. The crab shells were obtained from a fishermen's cooperative after meat extraction. The cement for the production of pastes and mortars was CPII F-40 Portland with filer. The proportion of biomaterial in the cement matrix was of 1 to 5% (w/w). The physical and chemical properties of this material were determined in the fresh and hardened states. Biopolimers of the crab shells promoted changes in consistency, reduced setting time of pastes and mortars and an increase in strength to the axial compressive. These changes may be due to the hydrophilic groups of this compound and the greatest water retention that causes increase the number of nucleation points of the cement and paste grains becomes denser and homogeneous. Thus, the addition of biopolimers in the cement matrix may function as a polyfunctional additive. Furthermore, this process contributes to the reduction of environmental damage caused by improper disposal of crab shells and may represent an economic enhancement of this by-product of the food industry.
Introduction
The high consume of crustaceans has generated large amounts of residues, such as shell and paws, in several regions of Brazil. These residues are approximately 50% of the total mass of animal and are disposed of in soil or water bodies. These discharges have caused a great environmental impact (Benchimol et al., 2006) . But, the development of technology with crustacean residues can increase the economic and social potential of the fishing industry.
In 2014, the Filé do Mangue microenterprise was installed in the Bragança city, Pará state, Brazil with permission of the Pará State Agricultural Defense Agency (Adepará) for extraction and marketing of crabs. This company is Brazil's first private agro-industrial of crab meat production and slaughters about 3,000 animals a day.
recovery of chemical compounds (e.g., proteins, chitin, and carotenoids) from crustacean processing residues (Abreu et al., 2013) . Thus, studies of new materials for biotechnological applications of these residues have been of great interest to the scientific community. One such application may be chitin production from crab shells that are natural and renewable residues. According to Raya et al. (2015) , in crab shells contain 40% to 70% calcium carbonate (CaCO 3 ) which can be transformed into calcium hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 ). This compound is a calcium phosphate ceramic and one of the active ingredients (biocompatible and non-toxic) used in tooth demineralization processes and bone tissue regeneration. Furthermore, the calcium phosphate and chitosan addition in Portland cement matrix may contribute to flexibilities and strength of materials.
Thus, the aims of this study were the use of U. Cordatus residues for hydroxyapatite and chitosan production and the incorporation of these compounds in Portland cement matrix, as a viable alternative to improve the properties of the paste and mortar when fresh or hardened.
Materials and Methods
U. cordatus shells were obtained from the Filé do Mangue microenterprise after meat extraction. These shells were crushed, washed with drinking water and exposed to sunlight for seven days. The shells were kept in an oven at 60 °C for 4 hours to remove water and then they were ground for 2 hours in a ball mill. This powder was washed with ethanol (99.7%, Alphatec®), sodium hydroxide (99%, Alphatec®) and water to remove proteins and lipids. The biopolymers (Hydroxyapatite and chitosan) were extracted by the addition of sulfuric acid (0.5%, Alphatec®) in the shells powder. These compounds were added to the cement pastes and mortar. The cement paste is made with cement and water, while the mortar is the paste with the addition of sand. In addition, cement pastes and mortars of the study were performed with drinking water.
The cement used in this test was the CPII F-40 (Portland with filer, manufacturer Goiás) which has a high potential for the mortars and concretes production. This cement may contain 6 to 10% carbonates, such as limestone filter which is a chemically inert material.
The sand to determine the properties of the mortar in the hardened state was extracted from the Tietê river and has rounded and sub-leased quartz grains (ABNT, 2015) . The granulometric fractions of this sand are in Table 1 . 
Assay With Fresh Cement Pastes
The cement pastes were performed in an electric mortar (5.0 L) with five different biopolymer (hydroxyapatite and chitosan) proportions ( Table 2 ). The control was done without the addition of these compounds. The biomaterial influence on cement adherence was determined by the normalized consistency in the Vicat appliance with the Tetmaje probe (ABNT, 2017). The setting time was obtained by the water-cement ratio that was determined by the probe. This time represents the change from fluid to rigid state.
Assays With Hardened Mortars
The mortars were also performed with biomaterial proportions ranging from 1 to 5 (Table 2 ) using a concrete mixer (ABNT, 1996) . The amount of materials used in this experiment in Table 3 and the water-cement ratio was of 0.48. For each time of test and break, six specimens were cast. The samples were molded immediately after kneading with a spatula and a metal socket. We made four layers containing 30 uniform strokes in each. These materials were kept in a humid chamber for 24 hours with the upper face protected by a flat glass plate. After, a part of them was demolded. The other part was kept in a plastic basin with lime-saturated water until the time of each trial.
Strength to the Tensile and Water Absorption Content
The strength to the axial compressive and strength to the tensile by diametrical compression were performed according to NBR 7215 and NBR 7222 standards (ABNT, 1996 (ABNT, , 2011 Viana et al., 2009; Giordani & Masuero, 2019) in automated press (EMIC PCE 150 tf). Prior to each assay, samples were capped using a grinder. For each addition level of biopolymers in the cement, six samples were broken at 28 days of age.
The water absorption content was performed according to NBR 9778 standard (ABNT, 2005) in cement pastes and mortar.
Scanning Electron Microscopy With Energy Dispersive Spectroscopy
The characterization of mortars (dispersion, morphology and particle distribution of biopolymers in the cement matrix and voids in the formed structures) was evaluated by Scanning Electron Microscopy (SEM). Qualitative and semi-quantitative analyzes and spatial distributions of the chemical elements of the samples were obtained by Dispersive Energy Spectroscopy (EDS, Oxford Instruments X-MaxN) with an X-ray detector attached to the microscope (Famy et al., 2003 , Singh & Garg, 2006 . The samples used in the SEM/EDS were obtained after the strength to the axial compressive text. These samples were dispersed on copper tape and covered with carbon. The micrographs were obtained under a SEM (Jeol JSM-IT300), vacuum and with electron acceleration voltage of 15 kV. These tests were performed in the Laboratory of the Regional Center for Technological Development and Innovation, Federal University of Goiás, Brazil.
Statistical Analysis
The experiment was carried out using six replicates per treatment (control, cement pastes 1 to 5 and, mortar 1 to 5). The data of the tables and figures are the average and plus or minus a standard deviation. These data were also submitted to an analysis of variance and Tukey's test at 5% of probability.
Results and Discussions

Assay With Fresh Cement Pastes
The consistency of the materials was higher in the pastes with biopolymer than in the control (Table 4 ). This result shows that to maintain the consistency of the pastes a greatest amount of water must be added. However, this amount of water was not directly proportional to the amount of biopolymers in the pastes (Table 4 ). Some pastes had no difference in consistency that may be due to the penetration limit of the Tetmajer probe (6±1 mm) into the base plate.
The results of paste consistency (Table 3) were similar to the values obtained Lasheras-Zubiate et al. (2012) . According to the authors, chitosan-added mortars have greater water retention than mortar without this compound. The hydrophilic groups of chitosan form hydrogen bonds with water and reduce free water by expanding their chains in the solution. Furthermore, the strong flocculant effect of the chitosan shows that there was an adsorption of the additives to cement particles that have positive charges. Note. * Water amount for standard consistency.
Initial and final setting times of cement were higher in pastes with biopolymers than in the control ( Table 5 ). The initial setting time is the time required to start solidifying the paste, while the final setting time is obtained after complete solidification of the paste.
The pastes with biopolymer had initial setting time above 60 min and final setting time less than 600 min (Table  5 ). These timeouts were determined by ABNT (2017). In addition, cement pastes with 1 and 2% of biopolymers had the same setting times. However, in the other cement pastes the setting times increased with the addition of biopolymers. This influence of biopolymers on setting times may be a desirable feature due to increased slurry handling time in environments with low relative humidity and high temperatures as in tropical regions. We observed that biopolymers cause a delay in the cement hydration process (Table 5 ). According to Nóbrega (2009) , this effect is due to the entrapment of calcium ions in chitosan. This author analyzed by X-ray diffraction the hydrates formation cement pastes with and without chitosan addition. Furthermore, the retardation effect caused by chitosan depends on the cement composition and has been very important in cements with low C 3 A content.
If compared to the control, the largest variation in initial setting time was observed in the pastes with 1 or 2% biopolymer (Figure 1) . However, the final setting time had greatest variations in pastes with biopolymers contents above 2%.
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